Objective: Fine needle aspiration (FNA) biopsy for evaluation of spongiform nodules ≥20 mm or observation without FNA was recommended by American Thyroid Association. However, this was a weak recommendation supported by moderate quality evidence. We aimed to assess malignancy risk in spongiform nodules. Results: All spongiform nodules had benign cytology. Fifty-two (54.2%) nodules were ≥20 mm and 44 (45.8%) were smaller than 20 mm in maximum diameter.
| INTRODUCTION
Thyroid nodules are detected in 10%-67% of the asymptomatic adult population by ultrasonography (US) and up to 50% in autopsy series.
1,2 Benign nodules account for 10% of all thyroid nodules. 3 Preoperative differential diagnosis is essential to avoid unnecessary surgery and related morbidities for nodular goitre. US-guided fine needle aspiration (FNA) is recommended for evaluation of thyroid nodules and selection of nodules for FNA depends on sonographic risk factors. Several sonographic features were found to be associated with thyroid cancer. Microcalcification, hypoechogenicity, irregular margins and taller than wide shape are the most widely studied sonographic features. [4] [5] [6] FNA is recommended for nodules The dominantly solid area of every nodule was identified separately.
More than 95% interobserver agreement was seen for USE under colour map-1 between the two operators. FNA biopsies were performed from the dominantly solid areas of nodules after elastography.
| Cytology
All cytology results were interpreted by the same experienced cytologist and categorised according to Bethesda classification of thyroid cytopathology. 11 Patients had a total of 297 nodules in US. FNA was performed to all nodules which had indication for biopsy according to ATA 2009 revised guidelines. 
| Statistics
Statistical analyses were performed using SPSS software, version 15.0 (SPSS inc., Chicago, IL, USA).
| RESULTS
In this study, 89 patients with 297 thyroid nodules (mean 3.3 ± 1.9)
were evaluated with US. Ninety-six spongiform nodules of these patients were evaluated with USE and FNA. General characteristics of patients are summarised in Table 1 . None of the patients had dysphagia, pain or rapidly growing mass in the thyroid gland. Eighteen patients had uninodular and 71 multinodular goitres.
Ultrasonographic features of nodules are summarised in Table 2 .
None of the nodules had irregular margins. Fifty-two (54.2%) nodules were ≥20 mm and 44 (45.8%) were smaller than 20 mm in maximum diameter.
None of the nodules had score 3 elastography, 64 (66.7%) had score 1 and 32 (33.3%) had score 2 elastography according to colour map. Mean strain ratio was 1.39 ± 0.99, revealing that dominantly solid areas of spongiform nodules were soft.
Repeat biopsy was performed for two nodules with indeterminate (atypia of unknown significance) cytology results and both were found to be benign. Also, two initially nondiagnostic FNAs were repeated and found to be benign ( Repeat FNA was performed for two nodules that were reported as AUS and found to be benign.
results in nonspongiform nodules. Five papillary thyroid carcinomas were diagnosed in surgical specimens and three of them were incidental, smaller than 1 cm tumours (1-6 mm) in maximum diameter. gated the relationship between morphological patterns and malignancy risk. All spongiform nodules included in their study were found to be benign by FNAC, except one, which was markedly hypervascular. They suggested that using a pattern recognition approach was highly sensitive and specific for predicting benign nodules and FNA may be avoided in more than 60% of cases by using this method. Moon et al investigated the relationship between ultrasonographic features and malignancy in 849 thyroid nodules. Their results revealed that spongiform appearance in US was related to benign cytology with 99.7% specificity and only one out of 52 spongiform nodules had malignant cytopathology. 5 Another study aimed to differentiate partially cystic nodules according to malignancy risk and showed that specificity of spongiform appearance was 100% in prediction of benign cystic nodules. 14 In a recent study, Raj et al 15 evaluated FNAs of 351 nodules and reported 100% of specificity for spongiform appearance in predicting benign nodules.
| DISCUSSION
A meta-analysis including 31 studies showed that spongiform and cystic sonographic characteristics had the highest diagnostic value in predicting benign nodules and FNA for these nodules may be avoided. 16 However, frequency of these nodules was 2% in this study inconsistent with previous data that reported higher prevalence. 8 A recent study investigated the thyroid imaging reporting and data system risk stratification (TIRADS) and demonstrated that TIRADS 2 (spongiform, pure cyst and partially cystic nodule with comet tail) nodules accounted for 3% of all nodules and none of these nodules were malignant. 6 A recent study evaluated the malignancy risk in nodules with sponge-like areas, which were defined as nodules with microcystic spaces separated by septa, irrespective of the proportion of such areas. 17 The authors reported that the frequency of malignancy was 2.5% (5/201) in their study group. However, any of the nodules with larger than 75% sponge-like areas was malignant and 80% of malignant nodules were hypoechoic on US. Their results confirmed that entirely spongiform nodules and nodules with sponge-like appearance may not be similar according to malignancy risk.
Besides, the necessity of repeat FNA after initial nondiagnostic results was investigated and conservative management was reported to be efficacious for spongiform nodules, as all spongiform nodules were found to be benign in repeat biopsies. 18 In a series of 180 spongiform nodules, frequency of nondiagnostic and indeterminate cytology results was 6% and 3%, respectively. Among them, only one out of nine spongiform nodules was found to be malignant after surgery and rate of malignancy was 0.5%.
Based on the data mentioned above, 2015 American Thyroid
Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer guidelines recommended FNA for spongiform nodules larger than 20 mm and observation of nodules was suggested as an alternative option in management. 7 In our study, we evaluated 96 spongiform nodules with US and FNA. None of these nodules were found to be malignant by cytology or histopathology (in cases who underwent thyroidectomy). Colour Doppler US revealed hypervascularity in two nodules with spongiform appearance and both had benign cytology. In our series, 54.2% of nodules were ≥20 mm and none of these nodules were malignant. Consistent with previous reports, prevalence of nondiagnostic results was 2.1% (n = 2) and both nodules were benign at repeat FNAs in our study. Most of these nodules (70.7%) occurred in autoimmune thyroiditis. Presence of US features related to malignancy was rare; 2% microcalcification, 9.4% taller than wide shape and 2% marked central blood flow were noted. None of the nodules had two or more suspicious features on US.
We also hypothesised that USE of solid areas in nodule may be useful when deciding FNA. USE findings revealed that dominantly solid components of nodules were usually soft as 66.7% had an elasticity score 1 according to colour scale and mean strain ratio was 1.39 ± 0.99.
In conclusion, follow-up with US seems to be an efficacious method even for spongiform nodules larger than 2 cm. Also, repeat biopsies may be avoided when initial cytology is non-diagnostic.
Determination of score 1 (soft) elastography images and low strain ratio values of dominantly solid areas may avoid fine needle aspiration of these nodules. Further studies should aim the diagnostic accuracy of spongiform appearance especially for large thyroid nodules.
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